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a n d  0.2])  ])IIN ill the IOwcl’ all(l U])}) cl’ Stl’dtos])ll(’l’c. in tile  lower Incsosl)ll(rc  tllc  csti]natc

at, 4[i 1)1’a call l]avr  a sul)stal)t,  idl colltlil)[lticjl)  flolll c l i m a t o l o g y . ‘1’IIc vertical  rcsolutiol]  o f

MIX  1120 rctI  imals is w 5 kn).

1 .  llltl’oduc’tioll

‘1’1]( 1.I])])cI  Atmosl)llcrc l{cscarc]t  Satel l i te  ~lJAl{S) \vas lau]lchd  011 12  Sc])tmll)m  1!]!)1

carryill~; d lmy]oad  to mcasuw tllc  clIcIIIistI~,  dy~lamic.s  aIId m]cy;y  balaIIce  o f  tlI(,  middle

atl)los])llm”  [lick ?-, 1990]. ‘1’l)is l)a})m coIIc.cIIIs  tlIc d a t a  Yalidatiol]  of  ]nidd]c atlnos})llcrc

distril)utiolls  o f  1120 as n]casurd  l)y tl]c  hlic.ro~vavc l,ilnl)  Sou T)der  (M I.S) [BnTui}/  cf al.,

j g$j~; M’(lfm,  1!9,93].

‘J’l)e M1,S illstrumcllt  is a joint  lJSA-l  Jli cxlmimcllt  mnl)loyillg  a tllrce radiomdcr  dmigll,

wit]l a 183 (;IIz radiolnctcr  I)ui]t ill t,l Ic 111( that  II Icasurcs  1120  using  t,]Ic  Clnissioll  from  tllc

183.3 (Jllz 1120 line altd 03 using  tl)e  mnissioll  of tllc  1S4.4 (;l Iz ():3 li]lc. 1<’01 de t a i l s  o f  tllc

sl)wtrosco])y  of t,]lcsf,  (,w>o lillcs sw \Vatcrs [ IU?c, 19J13].  ‘J’llis  l)dl)cr discuss~:s  1,1 Ic M1, S 1120

lll(!aslllclllc:Ilts a]ld tl)cir  va l ida t ion ,  c.oIlcclltlatillg  o]] tllc Vcrsio]l 3 h41,S data film,  tllr first

vclsiol) to IN n]adc l)ul)lic]y availal)lc,  (k]]]])allio]]  ])a])crs dcscril)c  tlIc calil)ratio]]  of tlIc  M1, S

i]lstrlllncnt  [Jar) /o/ ci al,, 1$,9/], tllc  ‘ fo rward  nlod(’1’ [l/c(/d Cf (/1.,  ]M7pcl’  in prcpmliio?l],  and

vitli(latioll  of h41, S (;10  [ 14zo/c7.s  c~ al., 199/],  0:+ [lh)idcmur  cl al., lW;]  and  tm]m’atlll”e

aII(l  tiill~)f,llt-l)f)illt  l)rcssuw [1’is//ki7/ cl al, , lgg~].  l’k)idcmu~ cf al, [ 199J]  giw a dcsc.ril)tion

of tll(: g(’11(’ral  al~,orit,lln)s  us(d for rctric~~illg l)ar:ilnf’tcrs  fro]]] t,llc cali}.)latcd  M1, S radial  lc.cs.

l]t tlJ(  folloiyil)g scctio])s  w c  l)rovidc  valid~tioll  o f  h41,S 1 12 0  dat,a l)y discussi]lg  data
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# .x:ssillg ~ljd LIIC’ IlltcgI’ltJ’  of till  C I’adia]lc.cs  used ill tllc mtrim’al  pmcfxs, by l)crforlnil]g  all

mm al]alysis  and I)y making Cxjm])arisol]s  lJCtlWf:CII  MIJS 1120 and otllcr Il~casI]IcIl](:IIts. O])

tl]c lmsis of tll~:sc  stlldics we l)wl’idc  cstilnatcs  o f  tltc  accuracy  a])d ])rcc.ision o f  MIJS 1120

data. Wc also discuss outstanding issues alId furtl]cr Wol’li  associakd  with this data s(:L.

2. MIJS Vcrsioll  3  l)ata l)loc(:ssillg

‘1’1][:  outl)ut  of I,l]c  183 (;117,  radio]  nctlcr is [Iol$’11-colll’clt(:(l”  tl]rough  an II]tc]]l)c(li:i(lc  l“rc-

(]lI(~IIcy  (11”) stdp;(, i]lto :i 15 cllalIll(:l, 500” Ml]z 1$’idc filter-l)al]k, cclltr(d  on tllc 183.3 (;llz

lil)c. ‘J’lIc ll)casud radianc(:s iI]cludc  tl)c  coljtlil.)~ltiolls”  o f  a l)rilnary  sid(l)aljd  iiIId  aII im-

a g e  sidcl)alld  [,)ontol ct d., 1$’$’/].  ]{’]011]  tllc  i]ltellsity  alId sl)cctral cllarac.teristics  of t,llis

cl]lissiol] al)d its variation  as tllc IVI1, S field of \’ic\v  (1’OV) is sca]l]lcd  vcrt, ica]ly  across  i,llc

atn]os})llcric  liml),  profiles of 1120 arc ill fcmxl. ‘J’lIc widt]l  o f  tl}c  MljS  i’OV  half-l)owm

‘.2 km ill tll(: horimlltal.  ‘J1hc IImizmlta]  rcsollltioll  alongl)oi]lts  is 3.7 knl ill tfllc  vertical and 1

tll( lill(:  of sight  (l)cl})cll(lic~llal  to tlIc  lJAl{S  ]’clocity  vector) is “W 400 km, sd I)y tile l)llysics

of radiat,  ivc trallsfcr.

‘J’IIc Incasu  IcIIlcIIt latlitudilla]  covcrag;c is from 340 OJJ CHIC side  of tl)e  equa to r  to 80° o])

tll(’ Otll(!l’. LJAI{S yaws  arouIId  at N 36 day  in t e rva l s  (a ‘lJAI{S morlt]l’), WIJCII  MIS IIigll

latitlldc  COV(3”<iF,C slyitcl)[x  froln  olIt’ ll(:lllisl)ll(~rt’  tu tile  Otllcl’. \4Titliill  (:a(:lI  (JA1{S ]I]ol]t]l,

tlIc  IJA1{S orl.)it  ]) ICC.CSSCS  slowly with rcs])(:c.t  10 local  solar  t ime, so tllatl tile ll>(!aslll’(:ll”lc  l)ts

SWCC])  t]]wu~]]  al] ][JC,~l  so]ar  tilncsduri])g  a UA1{S mollt]l,  c.onlillg  A’ Z() lllilllltC!SC~~liCIC~Cll

tllc  (Idtla flm’ f l ’o i l )  raw’ tclcmctly  data, I,(’\’(:]  o,  to ficl[is  o f  g(!q)llj’sica

w’l)icll rcl)rcsclIt

])aramctcrs  011
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stall  dar(] grids, IAxls  3ArJ’ ,3 Al, aIId 313. UA1{S IKXI 1 data cc)]) sistofca  lil. )l:itc{l  r.adia]iccs

:IIJd tcIII1mral location  associdtjcd  wit]] tlImI. ‘]’]Ic  lc(l;cyal  a]goIjt]Iln  used to dcl’ivc  I, P\’(’l

tllc  lmvel 1 radiances alId col]sidcral)le  cfl’ort lIas l)cclI exl)cIldd ill dsscssillg  tlIc ‘loljustlIcss

{)f llIesc  radial]ccs [i?licr Cli(l .)arnoi  (i al., 199/).  h40m dct)ails  }vill 1)(’ l)mvidcd  iIl s(c.tioll

{;:; 1)( ’1OW.

lJ,AI{S  l,cvd 3ArJ’ data arc g;q)llysical  IJalanlctrrs griddd caclI  65. h36 s  tilllcilltcrval

Ollk) ])1’(:SSUI’C  Sill’fam ])7,, Wllcw ])7, =“ 10(1(1 x l(l-’L/(;  lIl’a (II =- O, . . . . 42) (\Yllicl]  would

lill(:iilf~lllctiol)  writ,ll I)rcakl)oilltsat  altrIIIatc,  CVCII IIUIII1.)CIYX1,  lJAl{Sl)rcss~lles  ~lrfacc:s,e.g.

at, 10, 4.(;, 2.2 aTI(l 1 lIJ)a. (’I’IIc h4 ] , S  l,evt] Y rctritvcd  ~JIofi]cs  arc silnilarly  l[:l)lf:s(’llt[’(1.)
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‘ .ICS, whi]c tllmc on tllc odd-numl)crcd  s u r f a c e s ,  C.g. 6.8, 3 . 2  .311[1 1.5hl’a,  arc avcragc!s

.)f tlIc n]ixing  ratios  011 acljaccnt  c\~cll-Illll  I)l)cI’(![l  Sul’facx!s. ‘1’llis  Illcalls  t h a t  tll[’  Vcl’tid

Icsolutioll  of Ix!wI  3Arl’ 1120 IJmfilcs i)llpos(:d l)y this rcl)mst~lltatioll  COIVMI)OIICIS  to a hcigl]t

resolution  of ~’ 5.4 km, IXWC1 3A], data aIc like 3Arl’ data (:xcx:pt  gridclcd  may 4° ill latitude

aIId t)cm])ora] illformatiml  is lost. ‘J’]l(!l”c  ale gcllclally only al)olltl  2/3 tllc IIulnl )(!]’ of IJ(!vd

:3Arl’ ]di](?S i]) a ]mvc] 3A],  fik!, ]]amdy (:]os(:  to 840 ]Hdi]CS. ‘1’hc  IJcvd 311 dat;i com})risc

~lol)a]ly mal)l)(:d Icl)lcscl]tati[)lls  of 3A], dat,a.

l{ctricwils  o f  MJ,S data iirc colistraillcd wit]]  a priori  il)formation,  \Yitlll  tlIc  rcsu]t  tl]at,

wlIc Ic tll ICrC is lmor  infom)atioll  contmltl  ill tllc  M1, S mcasuIcmcmts,  tlIc  rctricvd values  alId

tllcir associald  ullccrtaintim  relax to tl]c a priori values. (;onscqucnt]y,  it is im})oriaIlt  for

i,l Ic rctricva] algoritlim  to lIavc rctisonal)]c  a ?)?io?i  il)l)uts  (v:i]ucs aIId aror ilifc)rlnaticill)  scj

tllal-  tl)q do IIot c)vm-cm)strain  or ul}cleI-cc)llstraill  tlllc  s o l u t i o n ,

III LIIC CASC of hll,S, tlIe n prioriil]l)uk  (or ‘clilnatology’)  aIc lmd 011 a Illc)lltll-(lc])cliclcl]t

clill]tito]og;y  dcvclol)cd  l)y t,l Ic lIA}{S sciellcc  team [infer  dia 14A 1’ }lc/?Ldl)ook 31, 1$’$’9]. ‘1’l]e

IJAI{S 1120 climatology [Itct[{sbcry  ci al., 1990] cmlsists  mainly  of molitli]y  zc)nal Il)mns  from

tl)c IJillll)  l]lfrard Mol)it,or of tlIc StI~itcJs])lIcre  (l,lh4S)  [}twsscll  c1 al . , 196’/] for s(:\’cll  molltl]s

(Novcmlw  h4 iiy),  100

avmig(!(l  pl’[)filcs  fro]]] 1 J

d;it:i [SW> for cmlll])lc,

Il)a to 1.5111)a  alId 56<’S to 84 °NT. l’mm  1.5111)a to 0.5111’a, Iadial]cc

MS dtita arc USC(1. IIcsides  LIIC l,lh4S  data,  grouIIcl-1.)asd  lnicrowave

l{ct)ilacqfla  c1 01., 1985, 1987; Y’SOII d d . ,  1988] arc usecl ill tlI~

II)cs[)s])l)c’rc  for ])1’CSSUI’CS  of 0.5 Ill)a to 0.01 Ill’ii. ‘J’lIc 1120 LJA1{S climatology was CXLC]ICIU1

to tl)c wllo]c of  tl}e  ycar by a s s u m i n g  IIm)isl)l)mic  symlndry  ili tllc scmsons.  ltxknsions

wlIcIr lJAli  S clill)atology  is ulliivailal)lc  Intikc use c)f dcfau]t vdlucs  wllicll wcr~~ c o n s t r u c t e d

from  tht (~.altwlI/tll’1,  l)llotocl]cll~ic:il”  ]nod(]  for a l n id - l a t i t ude  cquillox  day. A ditigmlal  a
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pviori crmr covarianc.c  matrix  is us[:d.  III t,llc stratcJsl)lIcrc  tlIe assulncd a priori uIIccrt,aiIIt,y

i s  set to 2 ])]) IIIV. ]Iy Compalisoll, tlIe staIIdard  dcviatio]l  .aI)out  tllc zonal  mcaII of t,y])ica]

1,1 MS 1120 ]H”ofilcs  for May  FIIld Octol)cr  t(’llds  to 1)(’ 1(!ss  tllaIl  1  ])])IIIV  tllwgllout  lnost!  o f

tll(’  Stl’atos])lm!  [Rmsk’rq  c{ 0/,, 1,9.90]. ‘J’llis  strongly  s u g g e s t s  tl]at aII a j)riori CTror  o f

~? ])])111 V fO1’ h4 IJS ]]20  l’Ctl’iC\T~lS  ill ~]1(’ St,1’r3t,[JSl  )]l~l”C  iS ]~1’g(!  ~lld  iS Ull]ik(’]~ to C)\)(!I’C.oll  S~I’~ill

tile  sollltioll  to {II(> il)put climtitologj’. ‘J)(’sts  }Vitl) sigllifical]tly  laIgI;(~I  a ~lrio7’i (JIIOIS gav(

rrsu]tls  wllic.1) were IIegligil)ly difl’cm)t  fmlll  tll( st.311da Id rctrie~’als witl)ill  tl)e uscfll] vertical

l’allfy of t,llc data.

‘J’lIc ullccrtaillty,  cr, a s s o c i a t e d  wit]] cac.11 lctriel’cd 1 120 ~)rofi]c is coln])utd  l)y tl}c rc-

lricva]  algoritllll-

as a qualitj]  ind

aIId is stored .31011g  wit]]  tlIc rctricvcd  va]uc ill tl]c I,CVC1 2 aIId IJcvc]  3 film

cater. ‘1’his  ullc.crtaillty,  wllir.h illcludm  colltril)utiol)s  f r o m  raIIdom  Iloisc

iil)d frolll c.crtaill systclnaiic  arm’s, is ol)tail  Icd by ])ro])agatlil]g  tlIc l)rcc.  isiol]s of tlIc I“adiallce

lIIcfisIIrc:lIlf:IItS  (a l,cvcl  1 ],mduct), tl,c cstil,)atcs  of ul)ccrtailitics  i*] I,IIc co*,strail,d  param-

cicrs al]d tllc cstilnatcx  of illaccu  Tacics ill tlIc fonvard  lIIodcl  t,l IIx)uglI  i,l Ic r(:trirvhl  s o f t w a r e .

A ]])o]c dc:taild  discussion]] of tl)c crIwIs associated wit,])  Vcrsioll 3 M1,S 1120 rctric~wls  is

l)msclltd  ill scctio]ls  ~3 and 4 .

At tl)c collc.lusicn]  of tile re t r i eva l ,  tllc Iatio of tllr cstilntitcd  uIlc.crtaillty  to its c ~jriori

coullt,er])art  is formal. ‘J’his  ratio i s  somet imes  tamed tllc  ‘mm ratio’. WIIWI this ratio

cxnds  0.5 (i.e. tlIc rctricvd  lnixillg;  ratio IIas a  c.OIltIil)lltliol]”  froln  tllc clilllatolo.gy  I!’llicll

cxcrcds  25 ‘XI) the quality is set llc~dtivr 1,0 fltig t,l Ic dc]mIIdcIIcc  o f  tl}c rdlicval  OII

clilnatology.  ‘J’ypically, for cvwy ~)mfile, t h i s  tmlds  to occur at or almvc  tllc ( ) . ( ) 4 6

re t r im’a l  lwc] aIId l)clow 46 IIl)a. IIowcvcr,  at IIigll la t i tudes ill willtcr, tlIc  ratio CaII CX(

( ) . 5  tit  4(~1~1’a aIId at 22111)a  (SCC s(xtiol)  [~(i).

tll(!

11’<1

C(!d
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A]] i]npc)rhnt  fmturc o f  t,]]c  lJAI{S  A41,S CX])CI’iIllCllt  ;S t]]at it lll(!MU1’CS  ():, at,  t w o  dif-

fcrt:l]t frc:qu(:l  Icics (1 84.4 (;llz  al]cl 206.1 (;112,) usi IIg twc) diflcm}t  radiomdcrs  (183 (;llz  al]d

2 0 5  (;llz). III lcg;io])s  c)f tl]c  atlllosl)llcr(’  lvlIcIc l)ot]l  IIl(:aSI]lCI1l-tCIItS  arc scl]sitil’c  to cllalIg(x

ill col]stitucl)t  a]noulli,  t h e  avail al.)ility  o f  t}vo iIIdq)mde]Jt  ():{ lncasurcmcnts  ]]]catis that

illtJra-M  1,S c.oml)arisoljs  m]) l)c carrid out a])d, for cxa]n])lc,  (IIC C.ollsistcllcy  of tl]c, c.alil]ra-

tioll of tllc 183 (;llz  al]d 205 Cill?,  radiolnctcls  call IJC Cl lc . eked .  ‘J’llc Vmsiol}  3 algoritl]ms

colltttin  a]i acljustmmit  to tljc lmilltil]g  al~~lc  d tl)e 183 (;117,  radimnckr field of view (lrOV),

l)ascd  0]) a  com])arisoll  ljctwcclI  tl)(:  two ozonr  rctricva]s  and  ill-flight  c.alil.)ratioll  inl’olvi]]g

scii IJs across t,llc  disk of tljc  moo]) [l{ ’roidcvavr  ci []l., 1994]. ‘1’his IIas IIad aII iml)tict  011 tl]c

iVll,S IIz() clistributic)]], nan]c]y a rcduc.  tioll  of N 5( %  i~l rctricvcd  stratosl)llcric  va]ucs  hy

colll])arison  with Version 2 rctricva]s.

‘J’IIc h41,S radia~lccs  can contfiill al] ofl”set,  or l)asclil)c,  \\l)icll i s  c.auscd l)y a v a r i e t y  c)f

(: ffw.ts suc.11 as iI1sufliciclltly  dcc.uratlc  IIlod(,l]il],g  of tltc  sidclol)cs  of tlIc  .311tcllna  170V. It dmx

ll[)t dq)clld  c)]] fl’[!qucllc.y, l)ut Call Cllallgc  fro]]]  011(’ t:II)geIIt  llcigllt  to tl)c  IICXL. ‘JIIIC basclil]c

i s  lia I]dlcd l)y rctricvillg  it .31c)l]g  with  tile  ]vatcr  va?)ouro ‘J’l)c a priori va]uc  of tllc basclillc

i s  f,ti]i~~l  to ~.)c ~]IC rc!tricv[:(]  va]uc  for t])(’ t;lll  F;Cllt  ]I(:ig]lt  al)c)vc t]lc OIIC ~)cillg  rctricvd.  ‘J’IIc

o p7’io7’; ull(.cltail]ty  for tl)c l)asclillc  is Y; K . Al)ovc 401<m, Mrl]crc  tl]crc sl]ould  I)c l i t t l e  or

]Io Sig,llal ill tlll(~ wing  cl]all]]cls, tllc  l)asclil)c  {all  l)c retr ieved very acxuratlclj’.  It u s u a l l y

lldS d \’tll UC Of .31)Ollt  21< dt 80 lill)  dl’[)})])illg,  tO 1.51< :lt  401{111. 111 the IOWCI Stl’atjc)sl’)llcl’c,

it l)ccomcs  dilJic.ult to distill  guisll l)ct,wccll  l)ascli]le  cflt:cts aIId ra(lia.t,  ion wllic}l  i s  duc to

\!’atj[T l’a])(mr, ‘J’l]e I’(!tricv[!d  lMsc]illc Ofk!ll illcmiscs  s]lar])]y to ~K.twc{!I”I  4 ]< and 8,1< ili tliis

r(’~ion. ‘1’llis  nlay 1)(’ a sourc.c of sj’skmatic (rrol i]) t,l)c watm va])ouI  retr im’al  ill the lowm

st,lt~t,c)s])l)cl(:  and is a sul)icct,  of currmlt,  il)vcstistitiol),
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IIlcal)s of silllulatcd  rctricva]s.

3.1 ILacliallc.m

rcs])o]Isc of tl)c  ])rimary  alId ilnagc sidcl)allds,  lIas l)ccII mcasurd. lktails  of tl}c lmlldlvidt,ll

al]d fr(’qucllci(:s  of t,l Ic clIa  II IIds, o f  i,l Ic vcri,ic.a]  scdII })attcrIls  aIId of tllc I) WC CCILIIWS  f o r

col~v(:rtil]g  tlIc  I,CVC1 () data to calil)ratcd  radiances  aIId e r r o r  cstilnatjcs  (l,csc1 1 data) are

givcll ill ,I(i?”lloi  cl d. ,  [  19,9;].  011  3 1  St oct[)l)m”  1 9 9 1 , tl]c I’(trtical  rcxolutio]]  o f  tlIc scan



ty])iciil measured s])cctrd  ill tll( II ICSOS])l  ICI[’, 11])] )( ’1” Stl’ak)s])llcl”(’  al)d low]” Stl”atos})llcrc.  ‘J’llc

III al] isotllcmnal atmos])l  Icrc, wlIcm a s]miral  clIamIcl  i s  saturatd,  tlIc radiance  iIl that

CltaIIIICl slIOIIld rq)rcsent tl)c  I)lacl<-l)ody  cl])issioll for tlIc tcln])cratuw  o f  the atmosl)lIcm

aTId is illsmlsitivc  to the .31noul  It of atmosl)llcric  collst)itumt. OIIC’ test or Cmlsistcllcy  of tile

lrIcasurd  ra(lia])ccs  is to com])aw t,l IcTIl  wit]) tlIc wtrievd t,cml)crat,urcs  for a l)Iofile  w]lic]l  is

IIcarly  isothermal. l{ ’igure 4 sl)ows the yadiallccs  for sudi  a ])rofilc, v,’itll tllc Lem])crature .3]s0

])lot,t,d  aIId scald l)y tl)c  sidcl.)al]cl  ratio. ‘J’lIr radial)c.cs  l)clIavc qualitatiwl~  as cxl)ectd;

all cl Ial II Icls  a])]) caril]g  to sat)uratc witllil)  10 K of a l)riglltl)css  tclll])cratuw  of a])]) mximatc]y

1 2 5 1 < .  ‘J’lIc C.cllt,cr c.lIal  IIIcls saturate  at a s]ig]ltly  l)igllcl  tcl))])crat,urc  l)ccausc  LIIC ]) Iofi]e is

1101 qllitlc  isotllcrma];  t,l Ie km])cratuw  iI1crcasf:s  sligl)tly  }yitll  ])eig})t.  ‘]’hc satllratiol)  is  ]CSS

c l e a r  ill t,l)c wil)g, cl IaIIIIcls  l)ccausc tlllc  ilntig(~ sidcl)alld  starts to rcwi~’c radiatioll  at tall~cnt

IIcights  wlIcw tlIc  ])rillciJ)al sideband  is ])ot satllratd.

It i s  c]mr, IIOW(:VCr)  tl]at tllc  n)casured  ra(liallc.t:s  tc]ld  to saturatr  at a I.)riglltllcss tcl]l-



.’

])mtur(’  bctw(x:IJ  ~ aIId ] () ]{ ]]i~])m  i] ItiII t]]c t(VH]K!I’~tU1(>  ]mfik  wou]d  ]ca(] 011(:  to CX])(xt.

A])]~lc)xi]l)<it{:l~~  ] ]< O f  t]lis  diSCI’(:])~ll  Cy iS [][](> to a SJWtCll)Eit  ic’ ])i~S iII t]lC  h~ ],S tm]]mtitu]’(!

l’ctl’i(:val (SW l“it$ll kin cl d., f!w;); :illotll  (’)’ Y K is tllc!  ]):isclillc, ‘1’1)(:  r<:st is l)ossil)ly  duc

to illcxiic’t  l{llowldg(!  o f  tll(:  Si(l(:biilld  rtitios. ‘J’]](  cfl’cc.t t h i s  Mwuld l)tivc on t,l]t lrcrsion  3

l(:tlricval  is smiill,  l)ccausc radizi]]ccs  C.IOSC to saturtitioll  aw l)otl us(xl, wl)i]c tlIosc  far f r o m

s:ituration  ar(> IIOt 1)00  s(;llsit,iv(~  to sidcl  )aII(l  r:itio.  110WCVCV, it is necessary tl]:it we ICSOIVC

this  discrq)allcy  I)(:forc  ii full IIolllil)(:ar rctrie.va] call I)c carried  out .

:~.J3 (;l(xl]]c ill l{adiallc(:s

AIIotlIeI  test  of  ti r[tric~al SCJICIIIC  is tlIc cxtcllt to ~yllicll radiances  calc,ulat,cd  from  t]]c

rclrimd l)roduc.t  ;igrcc witl) tl)c  mcasur(:d  ladial)ccs wit,llill  tlIc cx])cc.td IIc)ise. l)iscrq)~il)-

Ci(!s  ]dl’g(!l’  t]liill  illstl’ulllalt,  I) OiSC iIldi C.iitC a ]ack o f  adequate  fit to tljc! mc!asurcx]  radiances

and illdicatlr  so]]]c t,y])c

r(:tri(~l’(d  ])wtllict  or ill

t,l]e calcu]atd  rddial)c.c,  and tllc IIiiturc

IIeigl)t, s})ectral ClIaIIIICl  aIId ]ocatioll  i s





]JattmIIs  lnay I)( tlIC Iwsu]t  of a coll)l}illatioll  of (!rrors  ;II ])araln(;tcrs  sucl)  as tllc  al)tcmlla

trallsmissio]]  or tl)c  rc]ativc  rcs])ollsc  of tllc  IJrilnary  a]]d image sidcl)ands.  111 tllc up])cr

St,l’at,os])llm  all(l IOw(!]’ ITl(x)s])ll(w  (])all(:ls  for ])1’(’ss111’(! rallgcs  10- 3.16 Ill’a,  3.1 & 1 Ill)a and

1 -  ().:12 Ill’a) tll(m’  a])])  (!:il”s to 1.)(’  aII cjscillator~  l)el)aviour  of tl)c rc:siduzils across tl][! l)alld.

‘] ’]lis signal  ]ndy I}( r(:latcd  to crro].s ill t,l](  assu]ncd  lillc sllti])c slid  is Ulldcr ill~’cstig:itic)ll.  11)

III(: ])r(:ssurc  r;~llgc  0.32- ().1 Ill)a tlll(  residual  ])att,crll diflcrs  I)ctwccll  the lat; tudc I)il)s  1 (lON-

l(lOS and  (iOON- tK)ON. 11’cN this l)rcssum IaIIgC, d]anllcl  9 cxllil)its  a larg(:  ])c)siti\rc  r e s i d u a l

ill I)ot]l  latitude  I)ins, llow(:v(:r, clla]]]]cls 7 and  8 s~vitcl] from  IIavillg })ositiv[’  r e s i d u a l s  in

tllc  ralIg(:  10C’N -  100S  to II;il’illg  I](:gdtivc r(:siduals  ill tile  60C’IY 80C’A1 ral]gc:. l{csiduals  f o r

asc.clldillg al]d dmcx:l)dillg parts of orbits  were  looked  at sq)aratdy  to C]l CCk \v]Ictl Icr this

cfl~d w a s  duc to a l)o])])lcr  sl)ift mud l)y wiDds l~hic.11  arc l)ot ]ncdclld. IIowwvm,  tllcrc

was no significant diflf:rcllcc  ill t,l]c ])att)ell]s of residuals l)ctlvccll asccndil]g  al]d dmc.m]ding

sides of tll(, oll)its.

‘J’llis  scctioll  l)as describd tl)c  lnaill  systfll]?iticf(:;it~llcs  wl]icll  occur ill tl)c  residuals  for

‘J’l)c })ossil)lc  SOUKCS of tllcw features, il]cludillg  crmrs ill

]illc s]]a])c, si(lcl)al)d rat ios,  and  tll(’ alig]lmcllt Of tll C fif!ld



IVitjll  tllc  original  (true) f i e l d .  111 tl]is I!’OI”Ii, IV( lIaY( CIII]Il O)d a sIIlootl I(xl l’msio]l  o f  tlIC

\ ,

1120  distril)uiio]l  as Idrimd  l)y MIX {01 1 7 t l I  %:])tcml)cl  1992 as tl]c  t r u e  distril)utiml.

Silllulated  radiallcm were pmducml  Imsd 011 t IIis field .311d  tllcsc  radiallccs,  wit]] silnulatd

lJiF;urc  8, and tl]c  Ic)c)t-IIIcalI-s(IIIaI(>  (IInS) diflmmlcc  i s  sll~)wll ill 1):~11(:1  (~1). ‘J’11~ ~’~~tic~l

rallgc o f  tllc l)lots IIas I)cm lilnitd  froln  461J1’a to ().211 })a. lklow  46111’a tll(: rctricvd

viill](w  arc clilnatological  al]d al)ovc  0 .2  Ill)a tllcrc e x i s t  II]lolv]]  ])ml)lcms  wit,]] tile  rctrimwl

(w S(!ction ~ 6).

‘J’lIc r]ns  diffcrcllce  I)ctwcc]l  tllc  true and  tl](> mtricvcd  1120 distril)utiol]s  is a])l)roximatcly

().2 ])])])]17  (2- 5 (X,) thl’ougllollt  t i l e  stI”atos])ll(’r(’ wit]i tllc  rctrirval ]lavi])g t h e  tc]]dc]lcy  to

ol’(’lc~still)atc  t h e  true distril)utio]l  ill tllc  lo\Yer stratos])llcw At latitudes greater tliall  600

(ill citl]cr l]c*liis],l,crc),  o,, tllr 46 I)])a lct]icval surfac,  t l,c **,Is differcllcc  can 1,( laTgc* tl,all

O.(i])])n]v (W 15 %). ‘J’llis  is Caus(:d  l)y a 10ss of nlcasumnc]lt  illfornlatiol]  duct  to e s t i m a t e s



4 .  lktilllat(d  l~llcert;iil]tics

III tl]is  s(ctlioll  w(: l)ICSCIIt  LII(: (:stimated  Ill]wrtail]tim  for tllc Versiml  3  L’IIJS 1120  re

triwals  f r o m  lMIId 5 d tlIc  1 8 3  G}Iz radion)ct,cr.  ‘J’l)c cstilnatcd  ullcertaint,ics  arc had on

cvcrytlling  k]lmv)]  a]wt froln  c.om])arisolls  IVitll otllcr data sds (se.c scctioll  $ 5). WC a l s o

illcludc il]forlnatiw] 01] tl)c  avcragil)g  l<cIIIcls  (dcfiIId  l)clcJw) and vertical  rmolutio])  o f  tlIC

lrtli(:vals.  IJirst,ly,  a l)ricf  rcvim of tl]c  nlctl)od  o f  mwr cllalactcrizatic)ll i s  give]]. ‘J’llis i s

followd 1 ~y a disc. ussio]]  of Ll]c avclagillg  kcrll{:ls  a]ld l’crt ical rcsolutio  Il , dlId tlIcl I Cstilnatlcs

o f  tjl IC randoln  ullccrtail]tics  (prccisio]])  alId systcn]zitic  unccrtaini,  ics am ])rcsclltcd.

4.1 (;llaIa(:tcIizatic)ll  method

A  gm)cral  met]lod  fo] cstil]]ating  tllc  difl’m:l]t COII ril)utiolls  to tllc total  u~lcmtail]ty  ill

retrim’illg  al] atmosl)l)cric constit,ucllt  })rofilc  lIy al)y illw.rsioll  tcclll]iquc  is givcvl  l)y lk~d.qf:rs

[ 19 W)] (SW also M{l?i’s (711d  A’od$m’s, 1993). A l)ricf  outlil]e  of the mct])od  is l)rcsc]ltd  l)cIow.

If tll( vector X Iq)IrscIIts  tlIc  tru[:  st.atlc  of tll( atIIIos])lIcre  alId tlIc vector i is tlIe rctricvccl

state t,]]cn t,]lc tlota] tH’IWI in a rctricl’dl  is ~iv(~l], to first  Order ill small  qualltiti(:s,  l)y



i – x = [7’(i) ~,6) - i] -I 1),,1<(,  (/,+ I)y(y  -I (A - I)(x - x), ( 1 )

StatJ(’  i to t,llc UIII; II OJYII tru(’ Stat(’  x l)y

of tllc  l“(!t!l’ic’l’dl  to tllc’ lll(!aslll’cl  llcllts  y.

lvl]rrc  1’(7 is tl]c  il)flucllcc  fullc.tiol]  ( a l s o  l<l)o}~ll  as I,l]e w(:iglltil)g fl]])ctic)]])  )natrix of  tl](:

atlnos])llcric  st, at)c, i.e. tl]e sc)lsitivity  of tll(~ mod(’] radial lc.(x to a cl Ial)ge i]] the state of tllc!

atm[)s])ll(!l’(:.

121cII row of tlIe nlatrix  A rc.l)rcsmts tl]c vector of  weights  l)y whit .1]  tll(’ true ])IofilC

i s  II)ulti])licd  to give t,]lc (:lclncl)t  o f  tile  r(~tri(’v(’d  ])l”ofll(’  C[)ll’cS])(Jll(lil]g,  to that I’OM’. 1“01”



al) ;d(!al Ol)s(!n’il)g;  Systjcm  , A  WOU]d 1)( t})(: ic]c]Jtity  ]nat]ix 1, I)[lt nor]nal]y  t]lc  IOJ!’S of  A

will rc])msc]]t  l)cal{cd  ful}c.tiolls, wit]] tl]c widt])  of tl)c ]mak hcillg  a lnmsurc of the vdical

r(!s[)llltioll  of t IIc l’ctricval  .

A]] (! X] H’(’SSiOll  for t]]c iota] c] ’I’0] (wal’iii])cc, S~, of a rctrimw]  is givcl),  fwnl cquatiou

(l), as

s~ = s], j s),, -+ S,q,

Wl)cr(!



4 . 2  Avcragillg l{(IIICIS aIId vcrtica] rcs[)llltiol)

WC IIOW d i s c u s s  tl)c h41.S 1120 avcra?)illg I< CIIICIS. l“igurc  9 sl)ows tllc Icsultilig  rows of

tltc  av(ragil]g  kcrIIcl matrix  for I,IIc 1 12 0  rctrici’a]  :it  Icv(:ls  7, =- 2 to +3.33.  ‘J’llc  lIUI1ll  KH’

]Jrilltd  at 1,11(.  ])cak of i,]Ic  fllllctiol)s  r(q)r(:sfII(s tlIt  retrieval l e v e l , ill log, Io(]))  (])rcwsurc ill

IIl)a),  associated with caclI al’(:lagillg,l{clll(:l.

]11 F, CVIW],  ]) CtWC71 Z = 1 . 6 7  and  -12 (4(; -(). ()1111’a),  tllc  averaging  l<rmcls  am w’cll-



co;irs(~r stjc})s  of tl)(’ h’OV s c a n  ill tl]is r(:giol].

As all estimate of the v~:rtical resolution  of t,lit:  h!ll,S  Vcrsiol] 31120  rctricva]s, tllc ‘~vidtll’

o f  cad) avmap,illg  kcl’lld IIas I)(WI1 calculatd  using  tile  l~~Cli US- Gill~Clt ddil)itiol)  of s})rcad

[}lc~(lct{sc]?{d(~i{bcr(,  1970]  and is])lottdill  l;igurcl  O. ‘1’llis  gives tllc vertical mso]utioll

l)ctfw(x!ll  z = 1.33 ~lld ‘! 0.67 (21.5  0.2111’~) dS w filil”ll  Zllld fl”Olll  Z ~ ‘{1 to _12.67 (O.l -

O.(mill’a) as ~ (i-lo km. ‘J’l)cvcrtic.al  resolution])  at z =  -1 .67  (4(il11’a) is w 6km.

l“IOIII  tl]ci~lfoll)latic)ll  give]) I)y tl]cal’c:]agillg  l{c]llclsalollc, the useful  vcrtiml  range for

Vcrsiol) 3 lIz() rctricva]s  lvoul[] l)C 46- ().()1 lll)a. }](JWW!I’, Ot]lCI’ C!VidCll  CC, 1“1.?tllld~  fl’~qllCHlt]y-

occurrillgliigh  va]ucs  tit w ().1 II])a wllicll SmIII ulllx:alistic,  lcmds ~lstc)l)clic~’ctl]at  tllc current

us(:flll  l’ertiml lallgc is 4& ().2 hl’a for Vcrsiol] 3 data.

4.3 l<;stinldtd  l’rccisio]l

N’lctllod 1

‘1’llis  cwtilntttlrof  tll)c  ])rccisioll  is I)asd 01] tllcfor]nal  ana lys i s  discussd  al)ovc.  ‘J’l]c  prc-

cisiol)  cstimat(~  is givcll by tl}c  loot-sl]]ll-sclllalf’”  of tll(:  ral]donl cc)l]tril)tltic)]]s  to tl](:  rctricvccl



N4ctllod 2

M(’tllod  3



(wtimatlc  of ]Jrccision. ltj isa lcnsllltlc  Jfcalclll:itill gtllcstiil)cla]cl  clc:viatioll  c)flctliel~c:d]  )Iofiles

ill the latitude raIIgc, 5°N 5°.S for c’iic.11  011(* of 442 days aIId av(~ra~,illg  tllc stalIdd  Id dcviatiol)s

()\J(:l’  tll(w:  days.

(k)ln])aril]g  tlI(: ])r(xisioll  cstinlatj(:s  sl]o}y]]  ill l~igurc 12 arisil)g  froln  t(llc t h r e e  I] Icthods

(I(xcril)cd  al)ovc,  ]ve calt scc tl)at methods  2 aIId 3 give v e r y  s i m i l a r  r e s u l t s ,  IMct]]od 1

~,ii’(x a ])oorc:r  cstill)atd  ])l[xision ill tl)c ]owcr stratc)sl)llcw  and tl]is  nlay I.)c rcldtd  to

ll]c ])r(:s~:l)cc  o f  syst(:mal,ic  mmpolIc  IIts ill tlI(’ mtli(!vd  tal)g(!l]t  ]Jrcssu Ix’ ul)c.(:rtaint,y  as

II)cl)tioll(xl  al.)ovc, All cstilnate  o f  tllc ])]ccisiol) f o r  tlIC uscfu] vcxtical  raIIgC o f  tl]c  1120

rdriwals  is givml i]] Swtion  $7. N1OIC tliat  tl]c’  1120 l]]]cc]tai]]ticsgi~~ell  il] tile M IJ S  Vmsion

3 dat.3 film i~l’cs[)lllCW’ll  atgl’C~tcl’  than t})ccsti)llatlcs  ])rc)clllcccl  I)y t})(:al)ol~elllctl]c)cls.  ‘J’l)is

is lnailll-y  l)(:causc  tl]c  h41. S Version 3 ul)certailltics  col)tail)  a colltril)ut,ic)ll  from tllc a priori

mm.  ‘J)llis  cfrcxt  i s  s t ronges t  i]] i,l Ic lows  str:itq)l)mc. ‘JIIIC h41,S Vmsio]] 3 errors  a l s o

co]ltai]l  a s y s t e m a t i c  compo]]mt wl]icl]  .wcou]]t)s for k] IowII difl’mwlcx:s  l.)dwm]]  lillwr and

IIc)]]lillmr  rc:tlricva]s.

4.4 l+;stimatd  systematic ullcmtail]tics

III addition  tora]]dom l]]lcc]tai~ltics,itl is

IJig;urc  13 slIom’s tlIc  dolni]]ant  systcn]atjc  u]lcmlaintics  aloIIg with tl]c  rocJt-sL]]ll-s(lLlalr  of all

tl]e systcn}a{,ic ullccrtail]tic.s  coI\sidc.d.  lk:low, wc l~ri~,fly  ~{isc,~lss t,]lc. various  C,l’1’01’  SO1ll CCS

w]]icl]  Were collsidcrcd  ill tlllis  allalysis. i’irstly  wr}vil]  discuss the sources of tll(:clc)l]lil)al)tl

systclnatic  ullc(vtaillti(:s  (s(’e  l“igurc  1 3 ) .

tangcntf  p r e s s u r e : ~illce  LIIC  retriev(!d  IIlixillg rat ios arc l~ased 011 radia~lc.m at  the

l’(>tl’i CV(!d t:i.llg;(’llt  ])l’CSS1l  I’(’ tlIaI  (:rrors  ill taltp,c])t  })ressur(. Cal)  l)roduce  wlcJrs  ilI mixill:;



ratio. sc’llsiti\itytcsts  \\’[’rc ])cl’fmlcd  Wwlll)illg;  a Sys(mlai,  ic [!rl’or  ill tallgmlt ])rcssurc  o f

[Il)out 6  % [s(!(’ l“7s}/l)ci?l  c1 al., 1{).9/]. ‘J’]]( II)ail]  source of this systanatic  cm)] is from

])c)ssil)lc  e r r o r s  ill tllc  02  s])(’c.tlc)sco])ic  data I)asc, M7( call sw f r o m  l“igurc  13 that  tllmc

mom  t(~II(l to (Iolnil]atc  tlIc systanatic  crIoI l)rtwcc]I  21]l)a al)d 0.2111)a.

Ic’mpcwalurc!: l{;rrors ill tclnl)(’ratulc  call l e a d  to e r r o r s  ill mixil)g;  ratio. Scqlsitivity

(I(sts  were l)clforln(d  takil]g  I.)idscs  ill t(:lll])cl atuw to I)c 21< for latitudes rquatorw’ard  of 60

dcp)rccs  al)d 5 K fw lat i tudes ]mlcwal  d of (;() (Icgrccso ‘J’l)m:  I)iascs are Cml)sistcllt  wit]] olh

s(~n~cd average diffcrcllccs  l)ct WWII  hl 1,S a]]d IV M (; tcln])cratums  [sc(’  }’isllbcin  ci CI1.)  ]Ygi].

‘1’allgmlt  ])rcssuw  w a s  rdricvd wlli]c tllc  tcm])craturc  l)iascs war im~)osd. ‘1’llc r(!sultil]g

At ]Ilid-latitudes tl]c  systcl]latic.  u]lccr-cl]allgcs  ill 1120 mixi]]g  ratio  w e r e  tllm) allalysd.

tlai]lty i]] ]nixing ratio is gp]crally  about- 1- 2‘% for a 21< systmnatic  mm ill tcln]wature.

ITl)ri  CWa] numerics: this refers to tl]r diff”rrm]ccs  l)dwmI  tl]c mixing  ratio  ])mfilcs  usd

tc)clc:zitc`si  llllllatccll]c  )isc-flcclacl  iallccs,  a]]d tliesul.)scqucl)t  lctlir~~ccll)  rc)filcsl)asccl  o]] tlIcsc

radia]]ccs  usilig  tllc i]]vcrsio]l  algorithm. At ().1 111’a (outside tile  IIseful  vertical xaIIgc)  tl)is

ullcdai])ty  i s  w 27% wllidl may account  fo]

m]] somdinlcs  occur  at this ])rmsurc  lcvd.

hc ullmalistical]y  IIigl] lnixil]g  r a t ios  wllic]l

raclianm scal ing:  tlIIce sourcws of scaling arms ill cdlil)rdtd  Iadiallccs  arc radiolnctric

cttlil)ratioll, sidcl)alld  ratio errors  aIId s])c:cllosc.c)l)ic  e r r o r s  i]) lil)cstrcllgtll.  ‘I’l Ic first  tl$’o

e r r o r  sources  arc discussd  by .Ja7n oi c1 al, [ l,WJ]. I  )asd 011 t h i s  rcfcrm]cc,  we usc a

systclllatic  u]]ccrtlainty  of (). (i % fol tl]e  radiol[lctJric  calil)ration  of tl)c  183 Gllz radiomdm

m’llicll  com~s})wlds to almut ollc-tllird  of tllc worst-case crwr Cx])cc.tcd.  ‘J’ljis  III] certainty is

du( IIlaillly  to ul)ccrt, ailitics ill tl)c  1)1( -I: IuIIc II cllalact(’]isatic)]]  o f  IOSSCS tl]wug]]  tllr h41, S

alltclllla a]ld slvit,  c.hil)g IIlirror. A co~ariallc(  ll}atrix  of radiallcc  errors frol)l this sourer ~Yas



,.

Collstructd  w’llic]l  assumm Lll(: e r ro r s  arc ful ly corm:latcd  across  tllc I)al)cl  al)d Ivith IIcight.

l{;rrors  ill the sideband  ratios  call l ead  to ])ossil)lc e r r o r s  ill sillgl~:  sidcl)alld  ladiallcc of w

2 %  for t,l)(! 183 (;IIZ 1120 l.)alld  [SC(’ Jul’nof  (:/ a l . , 19.()//]  .  ‘J’ll(w  (!1’1’01’s  Sll[)uld  1)(! Cm’1’clatd

i]) soll)(:  way .3c Ioss  I, IIc: l.)al Id l’JUt) du(:  to lack of kIJowl{xlgc of  SUCII  c.orrclatiolls  .3 c.ovarial)cc

IIlatrix  of radiallcc (mom lf’as col]st,  ruc.t(:cl  wliic.h a s s u m e s  IIO corr[:latio]l  is ])rcxcIIt. ‘1’l]is

$,ivc:s a co]lsmvatlivc  mtil]]atlc  o f  t,lIe rcwltin{;  u]lccrtfai]]ty. l“or a syskmatic  mror in li]]e

strengt]]  wc lIave  assu]nd a valt]c  o f  1  ‘, I):isd  0]) l)ic):cil  f:i al. [19,92] which  i s  ])rol)alj]y

.3 collscrvativc  cstimato of Lllc lillc stra]gtll  e r r o r . Agail],  a c.ovariallce  ]natrix of radiance

(’rtors  duc to tll]is  sourm was  col]struct,d  wl]id]  assumw tlIat tile  mrors am fu l ly  condat  ccl

across  tlIc  lwIId  and wit]] hcigllt. 7’IIC lmultli]]g  ullcmtail]ticx ill 1

sourms  wcrC colnl.)incd  l.)y taking  tl][’ ]c)c)t-sll]ll-s(]ualc  u]]cmrtai]lty.

Field of vic!w  (F’OV) d i r e c t i o n : mrors  ill tlIC 1~’OV dircctio]l

20 due to tl”lcx!  thlw

arc’ l’clatd  to })ossil)lc

tllalI tllc’  rcsu]t  of tl]c  studim  bas(:cl  o] I ll]oo]l-~’ic:ws  of ().()11 dcgrccx.

ul)c(’rtaillty  of 0.(107 dcgrccs  i]] I“OV dirmtioll  (this is tlIc ul]cCrtaiIlty

V(:rsiw] 3 data) 2111d Ina])])d tl]isl]l]ccrtai  ]]tjil]tc)ll~  ()]]lixi]]glzi  ti().

‘J’l IC follmvi]]g sourcxs  o f  s y s t e m a t i c  CrIOI  WCrC also  c.ollsidcmd  l)ut  tlIC rmulting  UII-

((~rtai]ltics  i]) mixi]]g  ratio am gc]IcHally  ]Iot a s  sig]]ifica]lt  as t])osc }v]licl}  arise from  t]lc

til)ov(’-]  ]](:]]t,ic)]lc:[l  sourc(:s. ‘J’IJc Ill}cc:lttlil)ticsil]  mixillgratio  from  tile sollrccs  l)(:lolv arc]lot

l)lottcd I)ut, ]]avc: l.~ccl) il)c.ludcd ill tllc  cst,inldlx  o f  tllc  lc)ot-slllll-sclllarc s.yst, cnlat, ic unccr-



illcllldc  a rdatd  uncertainty from ilnl)crfcct kllowlc(l~c  of tllc  I)o1)l)lcI’  shift of tl)c mnii,tecl

radiatjioll,  ]JrOduccd l)y lil)cof  sigl)t vc]ocity  M’(:c.ts. Atlnosl)llmic  wind  aloIIg tllc  lil)e of sight

wi l l  l)C tllr dolni]lal]t  sc)lllc.cc)fcllc)]  sillcclmt])  the s])acm.raft  a]ld cartll l~(:lc)city  c.c)]ll])ollf~llts

al’c IWlsollal)]y well  kllmvIl, AI] llllcf:~tailltyc)f  70m/s  i]) li]lrof  sig}lt  velocity  ~va.s a s sumed .

‘J’11(’ loot-slll]l-sc]llale”  u]]cntail]ty iII IIz() ]nixing ratio  due  to tlIcse  t h r e e  error s o u r c e s  i s

~cIIcrally  l e s s  tl)all 2%, altl)oug]]  .3?] lll]cf:1tailltyof4(fi]  isl)roducccl at ().46111’a  url)icll  isdur

to tl)r ullcertail)ty  ill lillc of sight vc]oc.ity.

dry air cc}ntlinuum:  t,l]cd]y  air colltilluuln  is a Scllli-el  ll))il”ical  cc)lltlil)lltic)l)  wl]ich is dc-

rived from radial lce data from tlJc205(JIlz  radiomctm  [SW I/cad  ci al., j)apcrin  prcpamiio?j].

l’ossil)  lcc’llors])lo  clllc(~cl l)yinll)crfcc.t  l<l]C)lll((lg,{c)f  tll(clIy ailcc)llt  illlllllll  al[cstilllatccll)y

assulnil]g  that  110 dry air colltlilluuln  is ])rcscllt  ill tl)c forw’ard  m o d e ] ,  .3]IcI  c.oln})arillg  t h e

Sul)scxluc]]t  Ict,licvd  1 120 mixi]]g  ratios wit,]l a standard  re t r i eva l .  ‘J’llis  is a ‘worst  c a s e ’

sccl]ario. ‘J’l]c r]ns mm ill mixing  r a t i o  i s  cstinlatcd  l)y dividi)lg  t,lIc worst,  case  error  I)y

;;. ‘J’l)is  error soura~  i s  o])l~~ sig,llific.allt  ill tl]( low’c] stratos])llcrr

l.:)% occurs at 461)1’a all[l  all  Ullc.cl”taillty  Smncw]liit  1(’ss  tllall

WIICW an ll]lccrtainty  d w

‘X, occursat  ‘nlll’a.



I’OV shape a n d  positlic)n: l“oVslla])(!  and ])ositioll”  (!l’ml’sof-tll(!  IMGIIZ I’a(li(mlctc!r

lI;IV( l)(xm  trallsfom)cd into  wors i]) rt~dial]cx:  [t)ar?lof,  )~crsonal  cc)7~t?/~ul/icalio?/,  1.99~], A

10 (:rror  of’ ().51< is {issum(:d  a]ld a cov{iIi;i  IIc(: matrix  of radiance  crmr duc to tl)is s o u r c e

lt’as c.ol]structcd  tissunlillg  tllics(,  errors to 1)(: flllly correlated across  tllc  Ijal]d.  ‘J’l]c rcsul(illg

Ill]cert,aillty  ill 1120 mixil]g ratio  is gmlcral]y  less tllall  1 ’70.

fililc?r  shape: cacl  I frcqumry c]]a]l])cl  across  t]Jc ]]~()  l)a]]d of tl)c  183 (;llz  radiomct,cr

1]:(s al) tissociatcd filter shape and ])ositi[jll. l’iltm positiol”)  errors are IIcgligil.)lc  I)ut mrors

ill filter sl)zi])c could  gil’c rise t o worst,  c:isc c]] 01s ill c.alil)rat,d radiance of N ().5(XI [Llarlloi,

~)c7ssof) al cc)71!71jti  7tic([iic)71, 1$’LJJ].  A  covariallm:  matrix  o f  radiancw  mror duc to tl]is sourw

was col]st,  ruct,ccl wit]) 110 corrdatiolls  I)ctwwll CIIaIIIIC]S.  ‘1’11[’ resulting  uncertail~ty  in 1 12 0

mixing  ratio is IIcgligil.)lc  Cwm])zircxl  to tllc  Otll]cr  systcmatlic  ullc.crtlainties  mcmtiol]cd  ahovc.

l“inal]y,  wc give al) e s t i m a t e  of tllc total unccrt,ai]]ty  i)] M], S ]120  d e r i v e d  frc)]n t]lc

cstimatd  unccrtlailltics,  l)otll  rando  III aIId  s y s t e m a t i c ,  lnmtiol)cd  al)ovc. We also  il]cludc

tll(’ Slllootllil)g  (:1’1”01’  [Marks (77/d  11’odgtrs, 1993] Jvl]icll  rq)rrscIlts  tl]e  Contril)ut,io:] o f  t]]c a

)~jiori  CIIOIX to t]lc rctricv[:(]  ul]mrtai]lt,j’. l“isurc 1 4  slims  tllc mtilnat,cd  ~)rccisioll  (frwn

IIlct!llod 3 :il)ovc ), tl)e  *cJc,t-sLllll-sc]llarc  (rss)  systematic ul)cmtainty  and tl,c smootlli,,g  error

:1][) 118; Witfl] tlIc  l’c)ot-slllll-sclllzilc  of tllcsc I,hrm. llllc(:Itlailltlics.  11) scctiol)  ~ 7 we give a SUIllIll~Y~

tlal)l( o f  tlIc (:stim:it(’cl  l)r(:cisio])  (fro]]]  ln(:tllocl  :; zil)ov(>) aIId :icruIacy  (1ss e r r o r  ill I’igure

14) for il)cuscful vcrtic.a]  ral]gcof h41,S Vcrsio]) 31120 clatfi.

5. (k)m]mrisoll  o f  M1,S a]ld corlcl:ttiI’cll  )caslllcllle]lt,s



5.1 1{’rmt I)oill( lIygIx)IIIctcI data.

‘1’llis  il)stnllncl]t  11.as  .3]] a l t i t u d e  ra]lgc  fw]ll  tl]c grou]ld  to N 28 k m  wit]] a vwtical rc.s-

olutiol)  d 250 m. TIIc acnlracy  of tl)(w  II I(:asLII(:IllcIlts  is 10 %; tllcir })recisioll  is 1 () % ill

t 11(’ Stl’tltf[)s])ll  (!l’e [11?/]) [s, ])(’7’s07/  (11 co?//  ?//1/7/  ;(’(1/io?/s, 199.2 ] . ‘J)l IC lncasurcll)cl)tl  sites wl]ich

,.,
lIaJTL’lIa~c l)CCII USC(1 iII tl]is  h41,S-cc)llelati~c  co~n])arisol]  aIc: lk)uldcr  (40.00N,” 105.00\V),”

IIi]o,  IIatvaii  (l(J.7°hT,  204.901{;),  and IJaudcr) N(!W Xczilall[l  (45.00s, 109.4 ~1’:).  l)ata \\’c!Ic also

takcll during the (kmtrd l’;quatoria]  l’dcific  l’;x])mimmlt  ((; l;l’1’;X) at a])l)mxilI]atcly  (2.00N,

157.5 C’W).

\Vc lIavc usd tllc 12 l)alloon  ]jrdilcx  distlil)utcd  ovcl tl)csc  s i t e s ,  for l~llicl}  tl)crc w a s

coincident  M1,S wat,cr  va~)our data. l “ i g u r e 1 5  sliows a tyl)ical  ])wfilc,

at ]Iilo.  S o m e  c)f tllc c.]oscst  MIJS l)mfilm  am snow]]  for Cmlnl)arisc)]l.

takc)I  ill t,llis  case

‘1’11(’ two data Sci,s

ovcrlal)  over  a rmtric.tccl  hcigl]tj  ral]p;c;  tl)c  l)a]loo]]  data a]]d tllc  hll, S data call 1)(’ uscfu]ly

co]nl)awd at, tllc  22 a]]d 46111)a  ICVCIS. WC tll(>l(’fore calculated tl)c diff”cmllccs  l)ctIiIccI)  c;icl]

l)allool  I ])rofi]c alId tlIc  ncart:st  MIJS ]Jrofilc  a t  tlIcse  ICv(ls. At 46111’a, tl]c  IIICaII  difference

(i141Js-  IAloml), taken over LIIc.sc 12 c.c)l)]l)alisolls,  is ().21)l)InI’, U’l)ilc  tlIc root mca II squaIv

difr(>IOJc(’  is 0.51) pIIIv. At ~~lt]’a, tllc lll(:all  (]iflercllc.c  i s  ().]l)l)]nv  a])c] t])c 1’111S diffcrcl)cc

i s  ().4})])111v,  tlI( average lwil]g  takcll ovrr tlIc 6  ljalloolI flights  l~llicll  maclJcd  a suflicicnt

altitudcfor  a C.oln]mrisol]  to Iw Inadc at  this  level . \Vr coIIcludc  tlllat  tlIc  s~’stelnatic  l)ias

I)ctwcc]) tl)e two data s e t s  i s  smaller tl)all 0.2 })])]nv al]d that  tl)c ralldo]n diffcrwccs are

11’itllil]  Ll]c quotd  ~ll)c.cltfzlil)tics. \Vc IIOtl(  that  ]Ionc of the ])rofil(:s  usd arc at a  latitude



])olcwar[l  of 45°.

‘J’llis illstruln(!llt’  i s  a gmlll(l-1.)asd \\J~tcl  Va])ol]]”  l]ljlli  II]ctc!l vl’avc  Sp(!ctrcmlctm’. All

]l)c’zisll](’113  (’lltsllst’cl  in this c.omlmrison  llav(:a  vcrtica]  IalIgel)ctw’(wlI 30 alId 801 <111. ‘I’llc total

al)so]ut,  c error of tlIcsc  Incas  II I(:IlIe13ts  is w 10 ‘~] over  tll(~  II(!igllt  raIIgC  40- 70k 11] [ATdO/l//Ia  ct

({1.,  fg9fi]. ‘Jl)is td]l,iquc  has a vdical rcsolut  io*] of w 15 k m . ‘J’llis  is cmlsidcral)ly  coarser

t] I:iIl  f,]lc  rcso]IIt;oIl  o f  M], S, so for a hefter com])arisc~l)  ii w o u l d  k! dcsirah]c  (0 Smootli

tllc  hll,S  data  using  tlie av(,ragillg  kcmds  o f  the gIoulId-basd  ilistruma]t.  WC liave  not

doIIc this so it s] Iou]d 1.)(: lJOIIIC  ill nlilld  tlIat M1, S IIiay d e t e c t  f e a t u r e s  ill tlic atIIIosljl  Icm

It’llic.1)  tllc grou Iicl-l. )asd ilistrumcmt  cannot resolve. ~’lic lncasurcmmlt  silx  is ‘1’ab]c h4cnlIltain

Ol)scrvatory  (’J’M  O), situated at 34.4°N, 243.0c’}~, tlic  data is d daily average a~icl is pmvidd

wit]l .3 ])rcssurc grid, the conversion from IIeigllt,  to ])rcssure  IIal’illg  bccl] ])crforlnd  using

tclnl)craturc aIId l) IWSSUIC f i e l d s  fmln tlIc  Nat,iollal  h4ckc)rological  Caltcr  (NTh4 [;) a]ld tl)c

h4idcllc  AtInosplIcrc  l)rogra]n  (N4AI’) moclc]  [lfCdi?Lj  1991].

h41,S \/crsio]]  3 data aIc compared with ~/crsicm 2 of tllc:g~c)llllcl-l)asccl  data in l“igure  16,

\IrlIf:I~,~vf’l~lc)t  l)ot,li  tlicmcd]l  difl’crcl]cx:  (MIJS - g]c)~]l)(l-1.)asccl)  a])d tllf:rllls~lifr(:lcllcc.  l)ata/

II SCC1  ili t]lc  coml}:iriso]i arc from tlic l)(>rio(l  of Y3rd’Jalluary  1992 to 13tl] octol.)er  1992; this

])criod  })mvidcd  ii t,ot,:i]  of 186 d a y s  o]} w h i t . ] 1  l.)ot]i h41,S iind grou]ld-ba.scd  lncasurcmcnts

11’crc :iv;iilal)lc. ‘1’lic rms diffcmic.  c is l]oi muc.11  gmatcr tllali  tlic  meal]  diffcmnicc,  suggcstilig

tl]:it ]nucllof  ~lio~lifrclcllc  .~l)ct~~~:cll tllc two  dtit,.a s(:tsiss~’stclllatic. ‘I’llcgl”ollll{l-l  )ase(l  data

i s  ]Css  :iCC.llIilt,(:  at ]OWN a]t,it, u(]cs; some  o f  t]Ic difl’ercllcc  at 2.2111’a :itid ])cl’ll:i])s  l.olil)a

lnay hc attril)utcd to tliis. ‘J’llch41,S Vcrsioll  3valucsat  ().46 aIId0.22111)a  ale})Ic)l)alJlytc)o



-,

larf?,c  by al)outl  l]q)lnv. ‘J’]lc  Ml,s Vcrsi[)ll  3 valll(’  at ().1 Ill)a is oftcIl as gl”(at! as l(lp])lllv.

‘1’l)is i s  tl]ougl)tl to I)c .311 artifact  o f  tl)c  rctric~’itl  wllic]l  W(’ lIoIJ(>  to rc]novc  ill subscqumlt

~,~>rsi~~l]s C~f t,]l C })r~JC,Cssi]lg; soft,}Var(!. It is for tllis’rcasol]  that 11’(I(:COIIIIIICIICl  that data f r o m

().1 Ill)ti  and al)ov<:  sllou]d  ]Iot l)C used for scic:lltific])lll])c)s(:s.

5.3 lJll{s-2data.

‘J’llis  illstrllnlcnt,  is a]) i ] l f r a - r e e l  clnissiol]  l“ouricr  tral)sform sl)[’c.tlcjllletcl carrid l)y a

l)all[)[)ll  [C)ohn<$on  cl al. Iggj].  I ts  vert ical  rallg;c is a])])lc)xilllatc>ly  loo-3111’ a,” wit]] a sam-

])lillg; il)tcrl’al  of a])])rc)xilllatcly41<113, col]vmliclli,ly flllil)g ill tl]c ~a]) I)(:i,wccl) tl]c frost  -l)oillt

lIygIc)I13ct(:IaIIcl  ,fqouncl-l)ascxl  llliclc)l~’avc(lata  sds. It IIlacle tl]rccfligllts  dllrillg,  tllc])clic)(l

lifhcu] tl)c 183 GlIz Iadiomctm  c)f N41JS mIas opwational,  at t i m e s  alId ])lacm  cl Ic)se.]1  to coin -

c.idc wit]) I.JA1{.S lillll)-view’i llglllc:as~l lcl~lrllts. I~ig~11[17  sllc)}isal’  Il{S-2})lc )filcal)cla1]  h41,S

])rofi]c. As  wit]] thcfrost-])oint,  l)~~glc)lllctclclata,  tlicprc)fi]cs a~;re.e  wdl ill the lower  strato-

s})llcrc.  l’urtllcrmorcj  the h41,S ])rofilc l)cc.o]nm g r e a t e r  tl~a~l tile  1’11{S-2 })rofilc  as IIeigllt

i]lcrcascs, suggesting that  LIIC diffcrmlcc  I)(:twc(:l)  tl]c  grou]]d-l)asd  microwave data a])d h41,S

data is largely })cmusc  h41JS data are too lli~ll, ratllcr tlIa II I)ccausc tllc  groulld-l)asd  values

arc too low. ‘I IIICSC features arc rq)cakd  ill tllc other tl~vo 1“11{S-2 flights.

‘]’]Ic h4]JS \~crsic)ll  3 s o f t w a r e  CaII IIotl r e t r i e v e  }vdtt:r  Va])our at 1 ()() 111’a. ‘1’IIC va]ucs

it ~)roduccs  arc almost<  cmtirdy  clill-]  atc)lc)~ictil, l)ut  it is worth  r emark ing  tha t  they  are

always too higl) wl)c]l cc)lnl)arcc]  w i t h  c.ordative  data. It 1$’ill I)c ]mssil)lc,  I>y using a

IIonlillcar  rctlicval,  to m e a s u r e  water va])our  at tl]is ICI’CI; tile  com])arisoll  with correlat ive

data suggests tl)at a rm’isd climatology is dcsiral)lc lmfore  this is attcm])td.  It is ])lanllcd

that future versions of tile software will usc a climatology wllicl]  illcm])oratcs  the SA(;]’; 11



.’

data  sd [l{i7)d  d d. 1993  ] .

5 . 4  lldqy])  Ocxmltatio])  ltx])cri]]]u)t  (I IA I>O1:) datzi

III t h i s  scxtiol)  wc ]JIx:sc]It a c.olll])ariso]l  of M1, S Vcrsioll 3 IIz()  d:ita  wit]) Versioll  1 7

1120 dat,a fron]  tl}c  II AI,OI) i]]stru]nc]lt  i~llicl]  i s  also oIIIJoaId  IJAI{S.  ‘1’IIc  llalogcII  occul-

tzii,io]l  l~h])rrim(v]t  (11 Al,ol~J) is a limb sol]llding i]lstrumcni  which measures at]nospl]cric

of tlIC  lJAIH orljit  ZIIId tl]c  solaI oc.cultatioll  collll)i]lc to l) Ioducc a covmagc ])attcrl] givil]g

15 Sullrisc  ])rofilcs  at- olIc ]mrticular  l a t i t u d e  and 15 su]]set ]Jrofilcs  at a difI’e]c]]t  l a t i t u d e

0 1 1  cad] day! 2’llCSC!  pdilcs arc Spmd ~ 24{’ a}kirtl  ill lol]gitudc  I; ’itlll  tl]e  latitude  mvcl-

ag(:  Cllallgillg  tlll”mgllout  Lllc ycal’ [Iiussdl  (11 (71., 1.9,93]. }lAI,OE is ca]ml)lc  ill clear air of

II)casurillg  l)]c)filcs from w 0.01 1]1’a to cloud to]), i.e. tl]c tro])o~)ause c)r lower. ‘J’llc  ovmall

accuracy d tl)c  lIAl~012  Vcrsio]] 1 7  1 12 0  ])rofilc.  s is cstimatd  to lK 20- 25 % i]] tlIc  l(mw

stlatc)s])l)c:lc:,  1 0  )5% ill (IIC UI)I)CI  stratosl)llmc  aIId 15- 20(1 ill tl)e 10WCI  IIICSCJSI)lICK.  “j’lIc

v(~ltica]  lt~so]ll~iol]  of tl]c  II A1, OI; ])rofIIcs  is w 2k III.

'111][:  clifl'c:]i]]gc  [)~~(:]agc])  attc]]]scjf  tl]cN4l,Sa]lcl  llA1,()l;i  ]ist]~]]]lc]]tsli]  ]~ittl]c latitllcli]]al

l’allgc all(l  tm])ol’al  CXknt! of tllc Coll”l])al’isoll. IIuri]lg ])criods  whcl I tl]c  cc)l’cla~,c])attcrl]s

ov(:rlal),  MI,S  (Iata  is used  to build a rq)rcsc]](at,  io]l of tl)c ~Yaj’ ill }~rl]icll llAl, ol~; sam])lcs  the

atmos])llcrco  ‘J’l Icsc ]miods  arc IIormally amuIId  20 d a y s  ill duratio]l. I’01 cad] day  witl]in

t)II(~  of tlImc ])criods, tllc ZIvcrage l a t i t u d e  o f  tllc II AI,OIJ  ])mfilcs Ivas calculated. ‘J’lIcn,

f o r  tlI( asccndi]lg  aIId clcsct:llclillgc)rl.)it  modes of M1,S, thcl)rofiles  envclo])ingt]]is  average

llAl,ol;la  titll[l(~~(:  rcfc)~lllci.  ‘J’]) (’c.ol’I’(:s])c)l] (]illg;  MI, S ])lc)fil(:,fol(acl)  orl)i~,  at tl~(:avcragc

llAl,olt  latit,udc  w a s  tl]c]] o})tai]](xl  l)y lil](:ar il~tol])olatic)ll. ‘J’l]c z,ollal  mcxtl) difI’crcllcc



iIcl I day  of the coml)arisol].

l“igul’(’  18 Sl)m’s  a Colltolll ])]ot of Ll]iszo])al  II ICaII diffcrcl)cc  for tl)(])criod 21<<1 .Ia]luary

‘1’llc latitlldil}al  covcrag(  fo r  th i s  coln]~arisol) l)criod  is froln
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II IUC]I as :;])]  )II”)v  (~()~))  ]argcr t])a Il t h e  llAl, olt  Vd]UCs. A t  t h i s  ])ICSSUIG ICVC1 tllc  h41,S
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tll(’  IIlcsos])llm,

III a(lditioll  k) tlIcse  majm chaIIgcs, tlI(Hr  aI( SOII)C lninor  arkfacts  ill tlIc  d a t a  which

iv(,  ])lalI  1,0  cli]nil  late. ‘1’l](>rc arc occasiolldl  ])rofilcs fol. Itl]icl) tllc  retrieval  lIas  clcar]y  f a i l e d ,

l)ut  wllicl]  arc not, flagg;cd as I)cil)g  l~ad. ()]lc kl]own cause occurs  during; tl)c  gcl]cratioll  of

calil.)ratfcd  radial)cm (I,m’cl 1 data) allcl w i l l  I)c [:]ilni~latd  ill future  vcrsiol~s  of t])c softyvaly:.

A])otl]cr  artefact  occurs in the d a t a  at 2 2 1 1 1 ’ a  wl)icl]  slIow  a small  systclnatic  dCl)CIIdeIIC(:

[ ) 1 1  tl]c  lIAI{,S  yaw c}~clc. ‘J’llis  e f fec t  i s  ]Iot fully  l]]ldcrstood  at ])mscnt, IJut is clcar]y  an

artcfari  wl)ic])  II CCCIS to be Icmovcd.  AI I im])ortfi]lt  iIIl})Ic)\~cI~lcI1t

clilllatlo]ogy;  tl)c  currcl]t  vcrsiol]  ‘is su])])lyillg,  llllsllital.)le a ~)rio7-i

tlac(ltlallsl)olt  s t u d i e s  [A4a7171c?y  cf al,, 19~’/]  Sllge,cst’  that M1.S

st, ra,tosl)llcw  d o t s  IIOt l)chavc like a l)assivc  tracer. We aim to cstal)lisll whctl)er  tl)is i s  an

artcfad of tl)e r e t r i m ’ a l  or tlIc tracer tIaIIsl)o14  cdc, or wl)ctl]m it is a Ical })llysical ~frcct.

7 .  IIktimatcd Accurac.JT  a]ld l’rwisio~l  of h41,S Vcrsiol) 3 l)ata

N41jS Vcrsiol)  31120  rdricvals  give rcasol]al)lc  values ill tllc stratos])hcrcj  hut collsistcmt]y

ovc:r(xt,  ilnate  othm correlative ll)cas~llelll(’llt,s. ‘J’l)c CUmmt I’allge  o f  Usc!fu

Il)(msur(d  l)y t,]lc d a t a  q u a l i t y  scc seci,ioll $ 4) is l)ctwcc]) 46 111’a a]ld ( ) . ( )

lomtn. mcsosl)])cric  rctricva]s a])] )ciLY SUS])CCL al l)r(:scllt  duc to .3 ‘I Iot,cII’ av

smlsitivity (as

Ill’a, altll[)ugll

lll]d  z (). ] ]1])~



sdioll  q 2). Tllc!l’cf[)l’c, tl)c  II:CC)I1lIIIC]ICIC(l  l) ICSSUIC raIIgc  f o r  sc.imltific  s t u d i e s  usiIIg Mlj~

1 120 is fmnl 22 Ill)a to ().2111’a for all latit,ucles,  al]d from  46111’a to 0.2111’a at, t,llc  tropics

al]d lnid-latitudm.

(;olnparisoll  With otl]cr 1 120 I]~CZiSI]rC:]])  C])tSSLlggCStS  that  h41A 1 12 0 \’alllcsttlctc)c)lligll

I)y ~5%at4(i111’a  al)d at 221)1’a al]d I)y 15 20% in tllcrallgc  1111’atOO.22111’a.

‘1’l]ccllalzictc~isticsc)f  h~I,S }120 183(J11z ll){:asllIcll~cl)  tslctli~:~~cci~ lsillg\~clsic)ll  3 oftl]c

sc)ft,w~:ir(, am sllmmarisd  ill ‘J’al)lc  1 . ‘J’IIc }Jrccisiol)  cstilnate.s  ill ‘J)al)lc  1 may I)c s l i g h t l y

])cssilnistic  as tllcy  arc I)ascd  oll tllc  obsml’cd  varial)ility of rctricvcd  ])mfilm  ill tile tro]jic,s

a])d may collt:iill cfl’m. ts of atmos])l]mic.  lwriallilit~’. ‘J’lIc cstilnates of accuracy  in ‘J’al)lc  1

c.olltail]  tl]c cfrcc.ts  o f  sys temat i c  ullc.mtail)tics,  tl]c  contril)utioll  of t,llc a ))rioricrror  to tllc

retri(’vcd  ullccrtaillty  a])d tllc al.)c~l’c-lllf:l]tic~l)cd  })mcision  e s t i m a t e s . 111 tllc })1’CSSUI”(!  rail’gc

1 111’a to ().221]1’a, tile cstimatd  accuracy ill ‘J’al)lc  1 dcm Ilot full-y  account, for tllc clifltircnccs

foul)d  in tllc c.oln])alisol]s  with c.orrdativc data. ‘1’llis suggests that some systclnatic  cflccts

n]dy IIot be .3C.COU]ILCC1  for in tllc cmm all:ilysis  of scctioll  ~ 4.
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Figure  (;a])tiol)s

ltig. 1 :  (;alculatd  lillll)  cll]issioll  i]) tllc s])cctral  rc:gioll  182- 11S7 (;l Iz which  illcludw  I)otll

sl)(,ct,ral  sid(:llal]ds  of M1, S l):tnd 5 (~’crti{::il  dasllcd  lillcs) alJd I.)alld (i (~’dical dott(xl lillrs).

‘1’l)c  ~)cx+ii,ioll of tllc  183 Gl]z  radiomck  10(211 oscillator (1,()) at 184.78  (;llz  is illdicatcd.

S])(dl’a for tallg(’llt  ])rcssurcs  of 46 Ill)a all(l 4.(; 111’a  al’(’ ])lott(!d.

])]dilc (4,25°N,  334.9:101;) OH lot]; ,Ia]]uary  1992.

l’ig. 3: M1,S band 5 (183 Gllz 1120) radia]lcc s])cctIa for a t]o])ical ])wfile (4.27 *N, 334 .9901;)

)
0 1 1  1  Ot’](  !Ialnlal’y  1992  at t,lll’cc  Lml&2;  c11t, ])1’CSSUICS: 0 . 1 1  1]1’.3 (to]) ]JaIIcl), 3.7111’a ( m i d d l e

lMJIc])  aJId 50111’a (bottom ]MIIC1).

l’ig. 4 :  r a d i a n t . c s  froln  cl]al]l]cls 1 to 8 f o r  a M1,S SC:LII dt latitludc  56.050N,  ]ollgitude

2<75.1301’;  ())1 1 ot}i”  .Iallualy  1992. A l s o  SIIOIVI], l)y tl]c thick lillc, is t]lc M1,S t,cll]l]claturc

l)mfilc,  scald  hy t])e 0.58 side.l)alld ratio. Nott Lllat tllc  l)asclil]c  is al,out 2 1<; tl]c  radial)ccs

t(lJd  to tl)is value as l)cigl]t illcrcascs.

l“ig,,  5: MI.S  I)alld 5 radim]cc re s idua l  l)lofi]cs for cha]l]]els 1-15 for IOt; JaIJuary 1992 at

(4.25°N,  334.{)  9°1;). ‘III,C l,orizont,al  l,a,-s Wl,msc],t tl)~ IU mcasum,ncv,t  ],oisc,
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l’ig. 14:  IIstimakd Il]lcmtailltim  associatd  wit]] tl)c wtricval  of h41,S 1120. ]ss ma: mot-

Fig. 15:

F,l’0111(’t(T

lo]lg;itl]d(

A  ty})ical  wakI ~al)our  ])mfilc II IWSUIW1 I)y a 1).alloon mountd  f r o s t  ]Joillt  lly  -

(solid  lil)e). ‘1’lIcl.)allooII  w a s  l:i~l]lcli(:(lflo]tl  a sitcill  llawaii at l a t i t u d e  19.4°N,

155(’W, o n  24 hlarc.11 1991. SCvcra]  h41,S ])rofilcs  for ]ica]l)y  locatio~)s arc SIJOW]]

l)yd:islIcxl alId dot-daslI lil)cs, tllcilc  llc)IIJ;i IstiI(sl)c)\\  ’1] I)ydottd  lillcs. ‘llll(’Ldll[)oI1  prdilc

i s  witllill  tlic kllj~ mmrs at 4 6  and  22 IIl)a.

l“ig.  1 6 :  (;om])ariso~]  of hJl,S \~crsioIi  3  watf:r I’a])our  wit]) tllc  Versio]l  2 data f r o m  tllc

FrOuIId-1).3std  ll]iclc)\\avciI  )st  ILIIllcllt. 1 )ata are fmn the ])eriod of 231Y1 .Ja]IuaTy 1 W to 13tlI’:’

octol)cr  1{)92;  zitota]of  186daysfor~vl)icll  l)otlI hfll,Sal)cl glc)llllcl-l)as[  ’cl ll)(:as~lle]llclltsm~crc

avail al)]c. ‘J’IIc l e f t  l]a]]d ~)]ot SIIOIIS ]nc.all  l)rofilm; tl)c solid lillc i s  hJI,S data, th( daslIcd

lil)c  f,rOuIId-l  J;iscxl. ‘J’llc right IIalld  ])1OL  SIIOWS tllc  111[’aIl  diffCN!IICC, hfll,S - ~l’Oll Ild-lH!d

(solid) aIid tl]c IIIIS diflcrcl,c.c  (dashd).

I’ig. 1 7 :  Water  va])c)uI ])rofiles mcasurd  lJY h41,S (solid  liIIc)  cc)m])ad  ~vitli  11’II{S  1 1

(Sqllar(:s) 01;;9 se])tcllll)cIl{  )!12. ‘IIIIC A41,S ])rofilc  is at la t i tude 37.5 ‘N, longitude  103.2

O\V, tllcl’’ll{S I1])rc)file isatlatitll[lc  ~~6.{10N, lc)llgitllclcl  OO.4 ‘M1.

l’ig. 18: Zc)]l:il ]]lca]l( ljffc]c]lce(hll, S -- llAl,()};)l  .)ci\vccl)hl  I, Sl~c1si[)1i~~112  ()aIl(l lIAI,OF;

V(w+im)  17 1120fc)rtllc])cric)(l  21st Jalllla]y  IWJ; totit]l l“cl)nlarj  1993. ‘1’lJcllllTIIl)cIsal[)llg

tll( to]) of tll(l)lot  :ir( tllc lIA1{S d[iy I)ull)l)(rsfot  ~~llicl)  cacl]  zo]la] nl{’a]) clifl’r](]]c[])Ic)filc
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